EP 4 235 556 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
30.08.2023 Bulletin 2023/35

(21) Application number: 23305056.6

(22) Date of filing: 16.01.2023

(51)

(52)

(11) EP 4 235 556 A1

EUROPEAN PATENT APPLICATION

International Patent Classification (IPC):
G06Q 30/0208 (202301 G06Q 30/0601 (2023.01)
G06Q 50/30 (2012.01) G06Q 30/0207 (2023.01)

Cooperative Patent Classification (CPC):
G06Q 30/0208; G06Q 30/0224; G06Q 30/0607;
G06Q 30/0625; G06Q 50/30

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 23.02.2022 US 202217678746

(71) Applicant: Amadeus S.A.S.
06410 Biot (FR)

(72)

(74)

Inventors:

CAZEAUX, Olivier

06160 Antibes (FR)

FRADES, Marie-Celine, Victoria
06210 Mandelieu La Napoule (FR)
DOUTRES, Nathalie

06600 Antibes (FR)

Representative: Samson & Partner Patentanwilte
mbB

Widenmayerstrae 6

80538 Miinchen (DE)

(54)

(67) A system includes: a profile repository contain-
ing, for a client identifier, client attributes including an
account balance defined in a first exchange medium, and
an auxiliary classification attribute; a response generator
to receive a request containing search parameters from
a client device corresponding to the client identifier, and,
synchronously with the request, to: obtain, based on the
search parameters, an item identifier and an item cost in
a second exchange medium; select, based on the aux-
iliary classification attribute, a conversion factor between
the first and second exchange media; and send a re-
sponse to the client device, the response containing the
item identifier, the item cost, and a converted item cost
in the first exchange medium, according to the conver-
sion factor; and a classifier to, asynchronously with the
request, generate an updated auxiliary classification at-

tribute, and replace the auxiliary classification attribute

in the repository with the updated auxiliary classification

attribute.
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Description
FIELD
[0001] The specification relates generally to highly

scalable computing infrastructure, and specifically to
mechanisms for extending the functionality of such infra-
structure.

BACKGROUND

[0002] Certain computing systems perform functional-
ity that involves receiving, processing, and responding
to large volumes of requests (e.g., thousands of requests
per hour). Generating responses to such requests may
further be computationally complex, e.g., to a significantly
greater degree than returning previously stored and in-
dexed search results. Implementing such systems may
involve deploying specifically-designed programming in-
structions to sufficient computing resources to enable the
complex processing of high request volumes while main-
taining certain performance targets, e.g. in the form of
response times, request handling rates, and the like.
[0003] Modifying such systems to extend the function-
ality thereof (e.g., to respond to an additional type of re-
quest, to generate an additional type of response, or the
like) may be a costly, resource-intensive exercise, result-
ing from the need to deploy the extended functionality
with the same level of scalability and/or availability as
mentioned above.

SUMMARY

[0004] An aspect of the specification provides a re-
quest-handling system, comprising: a profile repository
containing, for a clientidentifier, (i) a set of clientattributes
including an account balance defined in a first exchange
medium, and (ii) an auxiliary classification attribute; a re-
sponse generator configured to receive a request con-
taining search parameters from a client device corre-
sponding to the client identifier, and, synchronously with
the request, to: (i) obtain, based on the search parame-
ters, an item identifier and an item cost in a second ex-
change medium; (ii) select, based on the auxiliary clas-
sification attribute, a conversion factor between the first
exchange medium and the second exchange medium;
and (iii) send a response to the client device, the re-
sponse containing the item identifier, the item cost, and
a converted item cost in the first exchange medium, ac-
cording to the conversion factor; and a classifier config-
ured, asynchronously with the request, to generate an
updated auxiliary classification attribute, and replace the
auxiliary classification attribute in the repository with the
updated auxiliary classification attribute.

[0005] Accordingtosome embodiments of this aspect:

- the response generator is configured to obtain the
item identifier based on the client attributes and the
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search parameters.

- the response generator is configured to select the
conversion factor based on the search parameters,
the auxiliary classification attribute, and the set of
client attributes.

- the auxiliary classification attribute is selected from
a set of auxiliary classification attributes; and where-
in the profile repository contains, for each of a plu-
rality of additional client identifiers, a corresponding
set of client attributes and a selected one of the aux-
iliary classification attributes.

- the classifier is configured to generate an updated
auxiliary classification attribute, by: obtaining a copy
of the set of client attributes; and selecting the up-
dated auxiliary classification attribute from the set of
auxiliary classification attributes based on the set of
client attributes.

- the response generator is configured to select the
conversion factor based on a plurality of conversion
rules corresponding to respective search parame-
ters, auxiliary classification attributes, and client at-
tributes.

- the classifier is configured to generate an updated
conversion factor, and provide the updated conver-
sion factor to the response generator.

- generation of the updated conversion factor is asyn-
chronous with receipt of the request.

- theclassifier is further configured, in order to gener-
ate the updated conversion factor, to obtain a set of
historical transaction data.

[0006] Another aspect of the specification provides a
method including: storing, in a profile repository, for a
client identifier, (i) a set of client attributes including an
account balance defined in a first exchange medium, and
(i) an auxiliary classification attribute; at a response gen-
erator, receiving a request containing search parameters
from a client device corresponding to the client identifier,
and synchronously with the request: (i) obtaining, based
on the search parameters, an item identifier and an item
cost in a second exchange medium; (i) selecting, based
on the auxiliary classification attribute, a conversion fac-
tor between the first exchange medium and the second
exchange medium; and (iii) sending a response to the
client device, the response containing the item identifier,
the item cost, and a converted item cost in the first ex-
change medium, according to the conversion factor; and
at a classifier, asynchronously with the request: gener-
ating an updated auxiliary classification attribute; and re-
placing the auxiliary classification attribute in the repos-
itory with the updated auxiliary classification attribute.
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[0007] Accordingtosome embodiments of this aspect,

- obtaining the item identifier includes obtaining the
item identifier based on the client attributes and the
search parameters.

- selecting the conversion factor is based on the
search parameters, the auxiliary classification at-
tribute, and the set of client attributes.

- the auxiliary classification attribute is selected from
a set of auxiliary classification attributes; and where-
in the profile repository contains, for each of a plu-
rality of additional client identifiers, a corresponding
set of client attributes and a selected one of the aux-
iliary classification attributes.

- generating the updated auxiliary classification at-
tribute comprises:

obtaining a copy of the set of client attributes;
and

selecting the updated auxiliary classification at-
tribute from the set of auxiliary classification at-
tributes based on the set of client attributes.

- selecting the conversion factoris based on a plurality
of conversion rules corresponding to respective
search parameters, auxiliary classification at-
tributes, and client attributes.

- the method further comprises, at the classifier, gen-
erating the updated conversion factor, and providing
the updated conversion factor to the response gen-
erator.

- the generation of the updated conversion factor is
asynchronous with receipt of the request.

- generating the updated conversion factor includes:
obtaining a set of historical transaction data.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0008] Embodiments are described with reference to
the following figures.

FIG. 1isadiagramillustrating a system for extending
the functionality of highly scalable computing infra-
structure.

FIG. 2Ais adiagram illustrating certain internal com-
ponents of the classifier of FIG. 1.

FIG. 2B is adiagram illustrating certain internal com-
ponents of the response generator of FIG. 1.
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FIG. 3 is a flowchart of a request handling method.

FIG. 4 is a diagram illustrating example performanc-
es of blocks 340, 345, and 350 of the method of FIG.
3.

FIG. 5is a diagram illustrating example performanc-
es of blocks 355 and 310 of the method of FIG. 3.

DETAILED DESCRIPTION

[0009] FIG. 1 illustrates a request-handling system
100. The handling of requests in the system 100 includes,
in general, the generation of such requests by a client
computing device 104, and the generation of responses
to such requests by a response generator 108 imple-
mented as one or more additional computing devices.
Although the specific nature of the requests and respons-
es s not particularly limited, for the purpose of illustration,
in the discussion below the requests are requests for
items including travel-related products and services.
Such products and services include, for example, airline
tickets, hotel reservations, rental vehicle reservations,
and the like.

[0010] Inthe above context, the client device 104 may
therefore be a computing device operated by or on behalf
of an individual traveler or group of travelers who will
make use of the above-mentioned items. The client de-
vice 104 may therefore be operated directly by the trave-
ler, or by a travel agency on behalf of the traveler. Re-
quests generated by the clientdevice 104 are transmitted
to the response generator 108 via a network 112, includ-
ing any suitable combinations of local and wide-area net-
works.

[0011] An example request generated by the client de-
vice 104 includes search parameters such as an origin
location and a destination location for a flight, as well as
a departure date. Various other search parameters can
also be included in the request, such as a return date, a
number of passengers, an identifier of the traveler (e.g.,
aname, accountidentifier, or other suitable identifier dis-
tinguishing the traveler from others), and the like. The
system 100 includes at least one supplier subsystem 116
operated by a corresponding supplier entity responsible
for provision of the items, such as an airline in this ex-
ample. The supplier subsystems 116 therefore each
store and process data defining the items (e.g., flights)
provided by the corresponding operating entities. In
some examples, the response generator 108 itself can
host such storage and processing functions on behalf of
one or more suppliers, and thus in effectimplements one
or more supplier subsystems 116. In other examples, a
centralized system such as a Global Distribution System
(GDS) may manage data for more than one supplier.
[0012] As will be apparent to those skilled in the art, a
wide variety of items may be available at any given time,
from a number of distinct supplier subsystems 116. Such
items have widely varying combinations of characteris-
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tics (e.g., origin and destination locations and travel
dates, for flights), as well as frequently changing availa-
bility and pricing. The range of possible combinations of
search parameters is also large, as will be evident to
those skilled in the art. Further still, certain characteristics
of the items may be dynamically defined based on prop-
erties of the request itself, e.g., based on the identity of
the requester, the timing of the request (e.g., which day
of the week the request occurs on), and the like. The
availability and pricing of items are examples of charac-
teristics that may be dynamically defined as noted above.
Forinstance, certain seats on a given flight may be made
available only to certain travelers.

[0013] The response generator 108 is configured to
obtain, via data exchanges with the supplier subsystems
116, a subset of the available items that match the search
parameters as closely as possible, and that are also ex-
pected to be relevant to the operator of the client device
104. Relevance may be assessed in a wide variety of
ways (including mechanisms based on attributes of the
traveler). As will be apparent, more relevant search re-
sults may increase the likelihood of a return on the com-
putational resources expended in processing the re-
quest, in the form of a purchase of one or more items
initiated by the client device 104.

[0014] The items obtained as described above each
include costs defined in a given medium of exchange.
The medium of exchange is typically monetary, e.g., in
a currency corresponding to the jurisdiction in which the
client device 104 is located. The cost to purchase an item
in this medium of exchange can also be referred to as
the cash value of the item. As will be understood by those
skilled in the art, at least some of the items defined within
the system 100 may also be purchased with a distinct
medium of exchange that is not a national or regional
currency. Such a medium of exchange can include, for
example, loyalty points (e.g., also referred to as rewards
points), which may have value only within the system
100, and/or may be usable only for the purchase of items
provided by certain supplier subsystems 116, or the like.
Points (or any other suitable denomination in this second
exchange medium) may be obtained by travelers through
various commercial arrangements, the details of which
are not relevant to the present discussion. Whatever the
origin and operation of the points-based medium of ex-
change, certain items can be purchased by travelers us-
ing either or both of cash and points. The costto purchase
an item in the second medium of exchange introduced
above can also be referred to as the points value of the
item.

[0015] Prior to returning a set of items to the client de-
vice 104, the response generator 108 can therefore also
be configured to determine a cost in both of the above
exchange media. That is, the response generator 108
can determine a cash value of the item, and convert the
cash value to a points value, before transmitting the
search results (e.g., including both values) to the client
device 104. More specifically, the response generator
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can include an itinerary generator 120, configured to ob-
tain a set of items relevant to the search parameters, and
a converter 124. The itinerary generator 120 can call the
converter 124 to generate converted points values for
items, e.g., when a client identifier included in the search
request corresponds to a traveler with an available bal-
ance in the points exchange medium. For example, the
system 100 can include a profile repository 128 (which
can also be implemented as more than one distinct re-
positories) containing profile data for each of a plurality
of client identifiers. The profile data can include, among
other information, an indication of whether a given client
identifier is associated with a points-based exchange me-
dium. The repository 128 can also include a balance as-
sociated with the client identifier.

[0016] When the itinerary generator 120 detects that
the client identifier has an available points balance (or
simply has access to a given points-based exchange me-
dium, whether or not a non-zero balance is available),
the itinerary generator 120 can request a conversion fac-
tor for each obtained item from the converter 124. Con-
version factors need not be fixed. For example, the re-
pository 128 can indicate a membership level for the cli-
entidentifier, which may affect the conversion factor. Fur-
ther, due to promotions or other commercial factors, the
conversion factor for a given client identifier may vary
between different suppliers (e.g., such that the conver-
sion of points to cash is more favorable for items from a
particular supplier).

[0017] The converter 124 stores or otherwise access-
es a set of conversion rules 132 to determine one or more
conversion factors for the items obtained by the itinerary
generator 120. The conversion rules 132 define a plural-
ity of conversion factors, and sets of conditions to be
satisfied for the use of each conversion factor. Those
conditions may depend, for example, on characteristics
of the items (locations, time of delivery, supplier identifi-
ers, and the like) as well as on characteristics of the trave-
ler, which may be retrieved from the profile repository
128 by the converter 124. For example, the conversion
rules 132 may define distinct conversion factors for each
of a set of traveler membership levels, such that travelers
with higher membership levels in a rewards program or
other commercial arrangement receive more advanta-
geous conversion rates between cash and points.
[0018] The generation of responses to requests there-
fore involves the processing of large volumes of data.
Further, the fact that certain item characteristics, and cer-
tain conditions defined in the conversion rules 132, are
dynamic, favors real-time processing of requests, as op-
posedtothe use of pre-computed responses. Still further,
the response generator 108 and the supplier subsystems
116 may face elevated rates of requests (e.g., thousands
or tens of thousands of requests per hour), each of which
is processed substantially in real-time (i.e. the response
generator 108 performs these functions synchronously
with the request). The processing of requests is therefore
costly in terms of computational resources (e.g., proces-
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sor cycles, data storage and bandwidth requirements).
The computing device(s) implementing the response
generator 108 (including both the itinerary generator 120
and the converter 124), as well as the computing devices
implementing the supplier subsystems 116, the profile
repository 128, and the conversion rules 132, are there-
fore deployed in a manner that enables scalability and
high availability. Entities shown in FIG. 1 that are de-
ployed to enable highly scalable and available operation
are indicated in double lines. Such a deployment com-
plicates modifications to those components of the system
100, e.g., to implement additional functionality during the
generation of responses to client requests.

[0019] Various modifications to the response-genera-
tion functionality outlined above may nevertheless be de-
sirable, however. For example, the points-based ex-
change medium mentioned earlier may be employed by
suppliers and/or other entities to encourage travelers to
purchase certain items, items from certain suppliers, or
use other services that are commercially beneficial to
such entities. The converter 124 and the dynamic con-
version rates noted above are implemented to provide a
degree of flexibility in optimizing revenue derived from
the purchasing of items by travelers using the points-
based exchange medium.

[0020] Entities involved in operating the system 100
(e.g., airlines, financial institutions, and the like) may de-
sire additional flexibility in the computation of conversions
between cash and point values performed by the con-
verter 124. For example, such entities may seek to de-
termine conversion factors between cash and points val-
ues in a more granular manner than outlined above, e.g.,
considering not only item characteristics and traveler
membership levels. Examples of other information that
may be considered in determining conversion factors in-
clude transaction history data, such as data indicating
the total value of recent (e.g., within the past six months)
purchases made by a traveler through the system 100.
Transaction history data can further include transaction
frequencies, trends in transaction values and/or frequen-
cies, and the like. Various other traveler-related data may
also be considered, such as status indicators for each
traveler indicating whether the traveler is a holder of a
credit card or other service operated by an entity involved
in the operation of the system 100.

[0021] The business logic intended to determine con-
version factors using the above information is not rele-
vant to the present discussion, nor is the selection of the
specific pieces of information used in any given imple-
mentation of the system 100. Of particular note, however,
is that the introduction or modification of any additional
piece of information in the determination of conversion
factors by the converter 124 may be prohibitively costly,
given the technical limitations imposed by the need for
certain components of the system 100 to be highly scal-
able and highly available.

[0022] For example, modifying the system 100 to con-
sider five additional traveler attributes, e.g., selected from
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historical transaction data and the like, involves a number
of modifications to the components illustrated in double
linesin FIG. 1. In particular, numerous additional conver-
sion rules 132 may need to be implemented, to handle
combinations of the newly considered traveler attributes
and previously considered attributes. The storage re-
quirements of the repository of conversion rules 132 may
therefore expand significantly. In turn, the number of
computations performed by the converter 124 to gener-
ate a conversion factor for each item may increase sig-
nificantly, as will the memory and/or bandwidth require-
ments, e.g., for connections between the processing
hardware of the converter 124, and the conversion rules
132.

[0023] The information forming the basis of expanded
conversion factor computation may not be hosted in the
profile repository, in some examples. Thus, implement-
ing such a functional extension of the system 100 may
involve expansion of the profile repository 128, with ac-
companying costs associated with greater bandwidth
consumption for connections between the repository 128
and the converter 124. Alternatively, the implementation
can involve preparing an external repository, which was
not previously subject to the scalability and availability
constraints noted above, to satisfy such constraints. As
will be apparent, either of the above alternatives impose
ever greater load on the converter 124 for data retrieval
and processing, in addition to increasing the computa-
tional load on the computing devices hosting the profile
repository 128 and any such external repositories.
[0024] In other words, regardless of the commercial
reasoning behind the selection of additional information
on which to base the conversion factor computation, and
regardless of which additional information is to be con-
sidered, implementing any extension to the functionality
of the converter 124 is technically challenging because
itinvolves significant modifications to several highly scal-
able components of the system 100.

[0025] To enable the extension of converter function-
ality in the system 100, while mitigating the technical ob-
stacles to implementing such extension, the system 100
also includes a classifier 136 coupled to the network 112.
The classifier 136, in turn, stores or otherwise accesses
an auxiliary repository 140, which can contain data be-
yond that stored in the repository 128, such as historical
transaction data, status indicators and the like as noted
above.

[0026] As will be seen in the discussion below, imple-
mentation of the classifier 136 and the auxiliary repository
140 enables the extension of certain functionality in the
highly-scalable components of the system 100, with min-
imal modifications to those components. In particular, the
classifier processes, asynchronously from the request
handling process set out above, data in either or both of
the profile repository 128 and the auxiliary repository 140,
to determine an auxiliary classification attribute for at
least some travelers. That is, numerous elements of ad-
ditional data can be combined into one value (the auxil-
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iary classification attribute). That value can then be pe-
riodically synchronized to the profile repository 128. Fur-
ther, the conversion rules 132 can be periodically updat-
ed to make use of the auxiliary classification attribute.
[0027] As will be apparent, the storage of a single ad-
ditional value for each traveler in the profile repository
128, and the processing of a limited number of additional
conditions in the conversion rules 132 by the converter
124, limits the impact of such a functional extension on
the highly scalable components of the system 100. The
classifier 136 and the auxiliary repository 140, mean-
while, are decoupled from the real-time request handling
process, and therefore need not be subject to the same
design constraints imposed by high scalability and avail-
ability. Computation of the auxiliary classification at-
tributes, modification of the algorithms according to which
such computation is implemented, and modification of
the source data from which the auxiliary classification
attributes are computed, therefore have little or no impact
on the request handling processes implemented by the
response generator 108 and the supplier subsystems
116, beyond periodically updating a small portion of the
content in either or both of the repositories 128 and 132.
[0028] Before discussing the operation of the system
100 in greater detail, certain internal components of the
response generator 108 and the classifier 136 will be
described, with reference to FIGS. 2A and 2B.

[0029] Referring in particular to FIG. 2A, the classifier
136includes atleast one processor 200, such as acentral
processing unit (CPU) or the like. The processor 200 is
interconnected with a memory 204, implemented as a
non-transitory computer-readable medium (e.g., a suit-
able combination of non-volatile and volatile memory
subsystems including any one or more of Random Ac-
cess Memory (RAM), read only memory (ROM), Electri-
cally Erasable Programmable Read Only Memory (EEP-
ROM), flash memory, magnetic computer storage, and
the like). The processor 200 and the memory 204 are
generally comprised of one or more integrated circuits
(ICs).

[0030] The processor 200 is also interconnected with
a communications interface 208, which enables the clas-
sifier 136 to communicate with the other computing de-
vices of the system 100 via the network 112. The com-
munications interface 208 therefore includes any neces-
sary components (e.g., network interface controllers
(NICs), radio units, and the like) to communicate via the
network 112. The specific components of the communi-
cations interface 208 are selected based on upon the
nature of the network 112.

[0031] The classifier 136 can also includes an input
device 212, such as a keyboard, touch screen, mouse,
orthelike, and adisplay 216 controllable by the processor
200 to render various information, e.g., stored in the
memory 204. The classifier 136 can also include other
output devices in addition to the display 216 in some ex-
amples, such as a speaker, or the like. The components
of the classifier 136 mentioned above can be implement-
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ed as a tablet computer, desktop computer, smartphone,
or the like.

[0032] The memory 204 stores a plurality of computer-
readable programming instructions, executable by the
processor 200, in the form of various applications, includ-
ing a classification application 220. As will be understood
by those skilled in the art, the processor 200 executes
the instructions of the application 220 (and any other suit-
able applications) in order to perform various actions de-
fined by the instructions contained therein. In the descrip-
tion below, the processor 200, and more generally the
classifier 136, are said to be configured to perform those
actions. It will be understood that they are so configured
via the execution (by the processor 200) of the instruc-
tions of the applications stored in memory 204.

[0033] Execution of the application 220 configures the
classifier 136 to retrieve and process data from either or
both of the profile repository 128 and the auxiliary repos-
itory 140, and generate an auxiliary classification at-
tribute for at least one traveler. The resulting auxiliary
classification attribute can be synchronized with the pro-
file repository 128.

[0034] Turningto FIG. 2B, the response generator 108
includes at least one processor 250, such as a central
processing unit (CPU) or the like. The processor 250 is
interconnected with a memory 254, implemented as a
suitable non-transitory computer-readable medium (e.g.,
a suitable combination of non-volatile and volatile mem-
ory subsystems including any one or more of Random
Access Memory (RAM), read only memory (ROM), Elec-
trically Erasable Programmable Read Only Memory
(EEPROM), flash memory, magnetic computer storage,
and the like). The processor 250 and the memory 254
are generally comprised of one or more integrated cir-
cuits (ICs).

[0035] The processor 250 is also interconnected with
a communications interface 258, which enables the re-
sponse generator 108 to communicate with the other
computing devices of the system 100 via the network
112. The communications interface 258 therefore in-
cludes any necessary components (e.g., network inter-
face controllers (NICs), radio units, and the like) to com-
municate via the network 112. The specific components
of the communications interface 258 are selected based
on upon the nature of the network 112. The response
generator 108 can also include input and output devices
connected to the processor 250, such as keyboards,
mice, displays, and the like (not shown).

[0036] The components of the response generator 108
mentioned above can be deployed in a single enclosure,
or in a distributed format. In some examples, therefore,
the response generator 108 includes a plurality of proc-
essors, either sharing the memory 254 and communica-
tions interface 258, or each having distinct associated
memories and communications interfaces.

[0037] The memory 254 stores a plurality of computer-
readable programming instructions, executable by the
processor 250. The instructions stored in the memory
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254 include respective applications implementing the
functionality of the itinerary generator 120, and the con-
verter 124. In other examples, each of the itinerary gen-
erator 120 and the converter 124 can be implemented in
separate computing devices, or sets of distributed com-
puting devices.

[0038] The memory 254 also stores the repositories
128 and 132 in the illustrated example. As noted earlier,
in other examples the repositories 128 and 132 can be
stored at a distinct computing device or other network-
accessible storage device, rather than in local memory
254 at the response generator 108.

[0039] Turningto FIG. 3, an extensible response-han-
dling method 300 is illustrated. The method 300 will be
described in conjunction with its example performance
inthe system 100. Specifically, certain blocks of the meth-
od 300 as described below are performed by the re-
sponse generator 108, while other blocks of the method
300 are performed by the classifier 136. In particular, as
indicated in FIG. 3, the blocks of the method 300 arranged
on the right-hand side of the flowchart are performed by
the response generator 108, while the blocks of the meth-
od 300 arranged on the left-hand side of the flowchart
are performed by the classifier 136.

[0040] While the right- and left-hand portions of the
method 300 are shown with a "start" position that is
aligned horizontally, itwill be clear in the discussion below
that due to the decoupled nature of the actions taken by
the classifier 136 from those taken by the response gen-
erator 108, no specific relative timing of those actions is
required. Indeed, in the example performance of the
method 300 discussed below, the functions implemented
by the response generator 108 will be discussed as oc-
curring prior to the functions of the classifier 136.
[0041] Specifically, at block 305, the response gener-
ator 108 (e.g., the converter 124) can be configured to
determine whether to obtain updated auxiliary classifica-
tion attributes from the classifier 136. The determination
at block 305 can be based on, for example, a predeter-
mined schedule, a current computational load on the re-
sponse generator 108 imposed by the processes in-
volved in responding to client device requests, or the like.
In general, therefore, the performance of block 305 en-
ables the response generator 108 to manage the incor-
poration of new data (in the form of auxiliary classification
attributes) into the profile repository to mitigate impacts
on performance of the primary request-handling role ful-
filled by the response generator 108.

[0042] When the determination at block 305 is affirm-
ative, the response generator 108 proceeds to block 310,
atwhich a portion of the profile repository 128 is synchro-
nized with the classifier 136 and the auxiliary repository
140, to obtain auxiliary classification attributes for at least
a subset of travelers represented in the profile repository
128. When the determination at block 305 is negative,
however, the response generator 108 skips block 310,
and proceeds to block 315, at which the processing of
clientrequests begins. As will be discussed below, blocks
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315, 320, 325, and 330 implement the generation of can-
didate items in response to a client request, the genera-
tion of converted (points) values for such items, and the
provision of the items and costs to the client device 104.
[0043] Prior to discussing the handling of client re-
quests at the response generator 108, generation of aux-
iliary classification attributes by the classifier 136 will be
described in greater detail. In particular, at block 335 the
classifier 136 is configured to determine whether to gen-
erate updated auxiliary classification attributes for some
or all of the travelers represented in the profile database
128. The determination at block 335 can include the de-
tection of input, e.g., received from an operator of the
classifier 136, including a command to update one or
more aucxiliary classification attributes. In some exam-
ples, in which the generation of auxiliary classification
attributes is automated, the determination at block 335
can be based on a schedule (e.g., auxiliary classification
attributes can be updated once per month, or the like) or
other detectable event.

[0044] When the determination at block 340 is affirm-
ative, the classifier 136 is configured to retrieve data cor-
responding to atleast one clientidentifier. The generation
of updated auxiliary classification attributes can be done
in a batch-wise process, in which auxiliary classification
attributes are generated for a number of distinct client
identifiers (e.g., travelers in this example). In other ex-
amples, the generation of an updated auxiliary classifi-
cation attribute can be performed for a single client iden-
tifier at a time.

[0045] The retrieval of data includes, in this example,
retrieving a copy of profile data for the relevant client
identifiers from the profile repository 128 at block 340.
The use of a local copy of profile data enables the clas-
sifier 136 to perform additional updates to auxiliary clas-
sification attributes, while minimizing further data retriev-
al from the profile repository 128 (e.g., retrieving only
data that has changed since the previous performance
of block 340), thus reducing the computational demands
imposed on the profile repository 128 by the classifier
136. The retrieval of data can also include retrieving ad-
ditional data, such as historical transaction data and the
like, from the auxiliary repository 140 or other data sourc-
es, at block 345. In some examples, one or the other of
blocks 340 and 345 may be omitted.

[0046] Turning to FIG. 4, example performances of
blocks 340 and 345 are shown. In particular, the classifier
136 is configured to retrieve (at block 340) a set of profiles
400-1, 400-2, and 400-3 (referred to collectively as pro-
files 400, and generically as a profile 400; this nomen-
clature may also be used for other components herein)
from the profile repository 128, e.g., for a selected set of
client identifiers. Each profile 400 can include various
information therein. In the illustrated example, the profile
400-3 includes a client identifier "1234", a name of the
corresponding traveler ("Alice Smith"), as well as a points
balance associated with the client identifier, a member-
ship level (e.g., for a rewards program or the like), and a



13 EP 4 235 556 A1 14

current auxiliary classification attribute ("987"). A wide
variety of other information may also be contained in the
profiles 400.

[0047] FIG. 4 also illustrates the retrieval, at block 345,
of additional data corresponding to the profiles retrieved
at block 340. For example, the classifier 136 can retrieve
auxiliary profiles 404-1, 404-2, and 404-3 from the aux-
iliary repository 140. As seen in FIG. 4, the auxiliary pro-
file 404-3 contains the client identifier, as well as an
amount spent by the corresponding traveler (e.g., on
items purchased via the system 100) over the previous
six months, and a status indicator defining whether the
corresponding traveler is a cardholder for an affiliated
credit card, or the like. As with the profiles 400, the aux-
iliary profiles 404 can contain a wide variety of other in-
formation, instead of orin addition to the examples shown
in FIG. 4.

[0048] Returning to FIG. 3, at block 350, the classifier
136 is configured to generate an updated auxiliary clas-
sification attribute for each of the profiles retrieved at
block 340. The generation of the updated auxiliary clas-
sification attribute can be implemented according to a
wide variety of mechanisms. In some examples, the per-
formance of block 350 includes receiving the updated
auxiliary classification attribute as an input from either
the input device 212, or from another process executed
by the classifier 136. Such a process can include one or
more machine learning algorithms, e.g., trained to clas-
sify client identifiers based on the profile data retrieved
at blocks 340 and 345. For example, prior to deployment
of the classifier 136, a suitable number of profile records
in the repository 128 can be labelled manually with cor-
responding classes, and that set of labelled profile
records can be provided to a training algorithm of the
classifier 136. Through the training process, the classifier
136 can then determine model parameters that correctly
predict the labelled classes from the training set of profile
records.

[0049] At block 355, the classifier 136 is configured to
return the updated auxiliary classification attribute(s)
from block 350 to the profile database 128. However, as
will be apparent, the performance of block 355 need not
immediately follow the generation of the updated auxil-
iary classification attribute. Instead, the timing of trans-
mission of updated auxiliary classification attributes from
the classifier 136 to the profile repository 128 can be de-
termined according to the determination at block 305 by
the response generator 108.

[0050] Referringagainto FIG.4, the classifier 136 gen-
erates an updated auxiliary classification attribute 408,
with the value "456" for the client identifier "1234". FIG.
5illustrates an example performance of block 355, which
coincides with a performance of block 310 by the re-
sponse generator 108. In particular, the classifier 136
transmits an updated profile 400-3a, in which the previ-
ous auxiliary classification attribute has been replaced
with the value of the updated auxiliary classification at-
tribute 408. In some examples, the classifier 136 can also

10

15

20

25

30

35

40

45

50

55

provide updated conversion rules to the response gen-
erator 108, for storage in the repository of conversion
rules 132.

[0051] Inthe example of FIG. 5, the classifier 136 trans-
mits, in addition to the profile 400-3a, an updated con-
version rule 500 for storage in the repository 132. The
updated conversion rule 500 includes an identifier of the
auxiliary classification attribute assigned to the client
identifier "1234" (which may also be assigned to a variety
of other client identifiers), as well as an exchange rate
between the first and second exchange media
("cash/point"). The updated rule 500 can be obtained at
block 350 along with the updated auxiliary classification
attribute. In some examples, the updated rule 500 is a
new rule (e.g., if the class "456" is new to the system
100). In other examples, the updated rule 500 replaces
an existing rule corresponding to the same class. In fur-
ther examples, the updated rule 500 can replace or oth-
erwise update arule in the repository 132 that previously
referenced a different client attribute, such as the mem-
bership level mentioned earlier.

[0052] Returningto FIG. 3, following a synchronization
with the classifier 136, or a negative determination at
block 305, the response generator 108 is configured to
receive a client request at block 315. The client request,
as noted earlier, includes search parameters such as or-
igin and destination locations, travel dates, numbers of
passengers, a client identifier indicating the originator of
the request, and the like.

[0053] At block 320, based on the request, the re-
sponse generator 108 obtains a set of item identifiers
and corresponding costs, in the cash-based medium of
exchange. At block 325, for each item obtained at block
320, the response generator 108 (and in particular the
converter 124)is configured to select a conversion factor,
based on the rules in the repository 132 and at least the
auxiliary classification attribute of the profile correspond-
ing to the client identifier. In some examples, the conver-
sion factor may be selected solely based on the auxiliary
classification attribute (e.g. by referring solely to the rule
500 shown in FIG. 5). In further examples, the response
generator 108 can be configured to determine, at block
325, whether to retrieve conversion rules from the repos-
itory 132 based on the auxiliary classification attribute,
or based on a separate set of conversion rules that does
not depend on the auxiliary classification attribute. For
instance, the repository 132 can include both class-
based rules and conventional non-class-based rules,
and the response generator 108 can select between
them on a per-request basis at block 325. In doing so,
the response generator 108 can be enabled to collect
transaction data for request handling processes in which
the auxiliary classification attributes were and were not
used, for comparison and subsequent updating of the
class attributes. In other words, the outcome of requests
handled without using auxiliary classification attributes
(e.g., total revenue generated in association with such
requests) can be compared with the outcome of requests
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handled using auxiliary classification attributes, to pro-
vide a feedback mechanism for classification of the pro-
files.

[0054] At block 330, the response generator 108 is
configuredtoreturntheitems (oratleasta subsetthereof)
to the client device 104, along with the cost of each item
in both exchange media. As will be apparent, following
the transmission of search results at block 330, the re-
sponse generator 108 may handle further requests from
the client device 104, e.g., to purchase one or more of
the items. Such downstream processes are not relevant
to the discussion herein, and are therefore omitted.
[0055] The implementation of the classifier 136 (dis-
tinct from the response generator 108 and other highly
scalable infrastructure in the system 100) and the use of
auxiliary classification attributes for client profiles in the
repository 128 reduces the technical impact of extending
the functionality of the system 100 to provide more gran-
ular conversion factor selections by the response gener-
ator 108. For instance, the asynchronous (with request
handling) generation of auxiliary classification attributes
decouples the classifier 136 from the request-handling
infrastructure, and simplifies the implementation of the
classifier 136 and auxiliary repository 140. Further, the
use of an auxiliary classification attribute for each profile
in the profile repository 128 and the conversion rules 132,
rather than each of the potentially numerous pieces of
information from which the auxiliary classification at-
tribute was derived, minimizes the additional storage and
processing requirements imposed on the response gen-
erator 108.

[0056] The scope of the claims should not be limited
by the embodiments set forth in the above examples, but
should be given the broadest interpretation consistent
with the description as a whole.

Claims
1. A request-handling system, comprising:

a profile repository containing, for a client iden-
tifier, (i) a set of client attributes including an ac-
count balance defined in a first exchange medi-
um, and (ii) an auxiliary classification attribute;
a response generator configured to receive a
request containing search parameters froma cli-
ent device corresponding to the client identifier,
and, synchronously with the request, to:

(i) obtain, based on the search parameters,
an item identifier and an item cost in a sec-
ond exchange medium;

(ii) select, based on the auxiliary classifica-
tion attribute, a conversion factor between
the first exchange medium and the second
exchange medium; and

(iii) send aresponse to the client device, the
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response containing the item identifier, the
item cost, and a converted item cost in the
first exchange medium, according to the
conversion factor; and

a classifier configured, asynchronously with the
request, to generate an updated auxiliary clas-
sification attribute, and replace the auxiliary
classification attribute in the repository with the
updated auxiliary classification attribute.

The system of claim 1, wherein the response gen-
eratoris configured to obtain the item identifier based
on the client attributes and the search parameters.

The system of claim 1 or 2, wherein the response
generator is configured to select the conversion fac-
tor based on the search parameters, the auxiliary
classification attribute, and the set of client attributes.

The system of one of the claims 1 to 3, wherein the
auxiliary classification attribute is selected from a set
of auxiliary classification attributes; and wherein the
profile repository contains, for each of a plurality of
additional client identifiers, a corresponding set of
client attributes and a selected one of the auxiliary
classification attributes.

The system of claim 4, wherein the classifier is con-
figured to generate an updated auxiliary classifica-
tion attribute, by:

obtaining a copy of the set of client attributes;
and

selecting the updated auxiliary classification at-
tribute from the set of auxiliary classification at-
tributes based on the set of client attributes.

The system of one of the claims 1 to 5, wherein the
response generator is configured to select the con-
version factor based on a plurality of conversionrules
corresponding to respective search parameters,
auxiliary classification attributes, and client at-
tributes.

The system of one of the claims 1 to 6, wherein the
classifier is configured to generate an updated con-
version factor, and provide the updated conversion
factor to the response generator.

The system of claim 7, wherein generation of the
updated conversion factor is asynchronous with re-
ceipt of the request.

The system of claim 7, wherein the classifieris further
configured, in order to generate the updated conver-
sion factor, to obtain a set of historical transaction
data.
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A method, comprising:

storing, in a profile repository, for a client iden-
tifier, (i) a set of client attributes including an ac-
count balance defined in a first exchange medi-
um, and (ii) an auxiliary classification attribute;
at a response generator, receiving a request
containing search parameters from a client de-
vice corresponding to the client identifier, and
synchronously with the request:

(i) obtaining, based on the search parame-
ters, an item identifier and an item cost in a
second exchange medium;

(ii) selecting, based on the auxiliary classi-
fication attribute, a conversion factor be-
tween the first exchange medium and the
second exchange medium; and

(iii) sending a response to the client device,
the response containing the item identifier,
the item cost, and a converted item cost in
the first exchange medium, according to the
conversion factor; and

at a classifier, asynchronously with the request:

generating an updated auxiliary classifica-
tion attribute; and

replacing the auxiliary classification at-
tribute in the repository with the updated
auxiliary classification attribute.

The method of claim 10, wherein the obtaining the
item identifier includes obtaining the item identifier
based on the client attributes and the search param-
eters.

The method of claim 10 or 11, wherein selecting the
conversion factor is based on the search parame-
ters, the auxiliary classification attribute, and the set
of client attributes.

The method of one of the claims 10 to 12, wherein
the auxiliary classification attribute is selected from
a set of auxiliary classification attributes; and
wherein the profile repository contains, for each of a
plurality of additional client identifiers, a correspond-
ing set of client attributes and a selected one of the
auxiliary classification attributes.

The method of claim 13, wherein generating the up-
dated auxiliary classification attribute comprises:

obtaining a copy of the set of client attributes;
and

selecting the updated auxiliary classification at-
tribute from the set of auxiliary classification at-
tributes based on the set of client attributes.
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10

15. The method of one of the claims 10 to 14, wherein

selecting the conversion factor is based on a plurality
of conversion rules corresponding to respective
search parameters, auxiliary classification at-
tributes, and client attributes.
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